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Abstract. The requirements for reliability and durability are increasing every year for the critical elements
of bridge structures, as there is a steady increase in the number of vehicles and volumes of cargo
movement. Such structural elements include bearing parts of spans of bridges, which perceive loads from
the mass of spans, transport cargo and compensate for deformations from thermal expansion and
contraction. Antifriction polymeric materials are used in all newly developed designs of bearing parts. The
reliability and durability of bridges as a whole depend on the physical, mechanical and operational
properties of such materials. The change in the length of spans due to temperature fluctuations is carried
out due to sliding along the polymer layers. The article presents a critical analysis of the polymer and metal-
polymer materials used as sliding supports. A review and analysis of standardized anti-friction materials for
possible use as sliding layers in the bearing parts of bridges have been carried out. The most promising
fluoroplastic composite materials capable of operating without lubricant are presented. An analysis of metal-
fluoroplastic sheet materials was made, new metal composites were proposed, in which various mesh
materials with a high polymer content in the working layer are used as an anti-friction layer. Such materials
can be used as guides for the moving bearing parts of the bridge without the use of lubricants. It is shown
that the use of the described modern wear-resistant anti-friction materials will significantly increase the
bearing capacity and service life of sliding bearings.
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1. Introduction

The article presents a study on the bearing capacity of sliding elements in bridge sliding bearings.
The object of the study is sliding elements in the construction of a linearly movable support part of the
bridge. Currently, there is a significant increase in the load on transport facilities and their supporting
elements [1-3], which is associated with a steady increase in the number of vehicles and the volume of
goods, material and other tangibles movement around the world. In Russia, there is also an active
development of land transport infrastructure aimed at efficient transport communication within the country
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and with neighboring states [4]. The requirements for strength, reliability, durability and non-repair periods
of operation of transport structure elements in general and bridge structures in particular have increased
significantly [5-7]. This has led to the increasing number of scientific and engineering developments in
bridge building aimed at improving bridge structures [8-12], introducing new materials with improved
performance properties [13, 14], changing the configuration of bearing parts, optimizing the thickness and
position of sliding layers [15], etc. One of the critical elements of bridge structures are the supporting parts
[16—18]. During operation, the bearing parts perceive various static and dynamic loads from
superstructures, rolling-stock and deformations of steel spans of bridges associated with daily temperature
changes. The movement of bridge spans from thermal expansion takes place in various ways. For example,
compensation for the thermal expansion of old massive arch bridges of small length usually occurs due to
joint deformation with the soil massifs of the banks. The progressive movements of the movable bearing
parts are divided into three groups during implementation: deformation, rolling and sliding. Bearing parts
that move due to rolling bearings are bulky and require constant care and lubrication control. Sliding
bearings use polymeric materials [19-21] with high antifriction properties in the fluid friction mode. Not a
single transport structure can do without polymeric materials used as thin sliding layers to move bridge
spans. At present, more length of spans and higher cargo flows has increased the load acting directly on
the steel-polymer sliding pair, leading to a change in the performance of bridges as a whole. Moreover,
recommendations for the design and installation of polymer bearing parts of bridges' have not been
reviewed for a long time.

The analysis of literary sources of the current state of bridge support elements and the introduction
of new materials that can significantly increase the durability and reliability of the sliding support without
structural changes to the assembly as a whole can be considered a useful and relevant task.

The purpose of the work is to summarize the literature data and patent sources on the bearing
capacity and service life of sliding elements in the construction of a linearly movable bridge support part.
Research objectives: 1) review of literature and patent sources on the bearing capacity of sliding elements
in sliding bridge supports; 2) analysis of polymer materials to optimize the operation of critical sliding
elements of transport and logistics systems; 3) choosing the optimal material for use in sliding bearings to
change the supporting parts and increase the service life of sliding pairs due to increased wear resistance.

2. Methods

The collection of information began with studying the sources of printed materials, including the
authors’ articles. A selection of literature sources on antifriction fluoroplastic materials has been made and
optimal composite, metal fluoroplastic materials have been proposed to be used in bridge structure
supports. With the objective information on the study, a critical analysis of the materials used for sliding
layers in bridge supports has been carried out. The data can be used to determine the required dimensions
of sliding elements for newly created bridge structures for a load given. According to the research,
fluoroplastic composites can significantly increase the bearing capacity and the service life of bridge
structure sliding bearings.

2.1. Sliding Knots and Materials Used

The structures of the supporting parts with movable sliding bearings are shown in Figs. 1 and 2. The
slip plate rests on the middle support element, which is a cup cover (Fig. 1) and an upper balance bar
(Fig. 2). A sliding element made of polished steel sheet is attached to the plate. Sheet polymeric material
is fixed on the upper surface of the middle supporting element. Linear movements of the support units are
provided by a sliding pair of polished stainless steel — fluoroplast. In spherical bearing parts, an additional
polymeric anti-friction material is installed between the balancers. For smooth movement of the plates along
the guide elements, metal-fluoroplastic material (MFL) is used, in the form of strips (Fig. 1, pos. 5 and Fig.
2, pos. 6).

! Rekomendacii po proektirovaniyu i montazhu polimernyh nesushchih chastej mostov [Recommendations for the design and installation of
polymer load-bearing parts of bridges]. Rosavtodor. 20.02.2008. No. 73-r. Moscow, 2008. 115 p. [Online]. URL:
https://docs.cntd.ru/document/1200062263 (reference date: 23.07.2024).
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Figure 1. Design of a linearly movable bearing part of the bridge:
1 - top plate, 2 — polished steel sheet, 3 — anti-friction gasket made of polymeric material,
4 — guide, 5 — metal-fluoroplastic strip, 6 — bottom plate, 7 — glass, 8 — cover, 9 — sealing rings,
10 — rubber insert.
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1 - sliding plate, 2 — polished steel sheet, 3 — upper balancer,
4 — anti-friction gasket made of polymeric material, 5 — guide, 6 — friction pair, 7 — lower balancer.
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In sliding tribocouplers, it is recommended to use polymer plates made of fluoroplast-4
(polytetrafluoroethylene) grades P, PN, which are located in grooves (balancers, covers, plates)’. In sliding
pairs with fluoroplast, sheet corrosion-resistant chromium-nickel steel Russian State Standard
GOST 5582-75 with a polished contact surface is used. According to the analysis of the work, the
recommended sliding pair can work with lubricant during the planned time in case when the amplitude of
displacement of the bridge spans is insignificant. With a displacement amplitude of several tens of
centimeters per day and an increased load, the service life of the sliding support may decrease due to the
increased wear rate of polytetrafluoroethylene (PTFE) [20] and the cold flow of the material. Such
movements are typical for bridges located in areas with a severe continental climate. In slip pairs, PTFE
was chosen ' because of its a low coefficient of friction. PTFE was also experienced in bridge piers located
in European countries with a temperate climate. The undoubted prospect of using PTFE in sliding bearings
is due to the presence of a number of unique properties: an anomalously low coefficient of friction among
structural materials (0.04—0.05 for steel without lubrication), high thermal stability (decomposition onset
temperature 4150C), high chemical resistance, excellent insulating properties. Along with these qualities,
PTFE has insufficient wear resistance in tribocouplings (PTFE wear during friction is 4-5 times greater than
that of caprolon, polyamide, polyethylene, and filled materials based on them) and increased creep (fluidity)
under prolonged loads. It is known [22] that irreversible plastic deformation develops in PTFE products at
low loads and at low temperatures (below the glass transition temperature). At room temperature and a
load of 10 MPa, which is 2—3 times lower than the rupture strength of PTFE, its irreversible deformation
develops within 100 hours (more than 200%) [23]. Unfortunately, the scientific literature review does not
prove that there are practically any experimental studies of the stress-strain state of PTFE samples under
compressive loads in a free or constrained state. Therefore, for a long time, researchers considered it
impossible to use fluoroplastic in heavily loaded sliding bearings due to its cold flow (creep) [20]. A decrease



Magazine of Civil Engineering, 17(7), 2024

in the creep of PTFE products in sliding bearings of bridges is observed due to design solutions in the form
of placement of fluoroplastic plates in recesses — undercuts. To improve the wear resistance of PTFE in
world practice, two main approaches have been developed, which can be defined as physical and chemical
modification methods. The first one is based on the creation of composite materials by introducing finely
dispersed (recently, ultrafine and nanosized) fillers (graphite, coke, chopped glass fiber and carbon fiber,
metal oxides, nanodiamonds, etc.) into the fluoroplast [24, 25]. The second method is based on the
copolymerization of tetrafluoroethylene with other partially or fully fluorinated monomers. Both methods
made it possible to obtain a series of new materials with one or another improved characteristic, which are
used mainly as structural materials.

Composite materials based on PTFE are distinguished by higher wear resistance and elastic
properties, which leads to a significant increase in the durability and reliability of friction units. It is known
that one of the most effective ways to ensure the reliability and durability of movable interfaces of
mechanisms and minimize energy losses during operation is the use of lubricants. However, the use of
lubricating fluids requires special devices, constant monitoring and maintenance, which leads to additional
costs, while negatively affecting the environment. Based on the fact that recent years witness more attention
to the environmental friendliness of friction units, in the long term, sliding bearings of bridge structures will
work in tandem with polymeric materials with a low coefficient of friction and without the use of a lubricant.

Given the above, it is necessary to consider industrial fluoroplastic composite materials according to
the following criteria:

— maintenance without the use of lubricants;
— higher wear resistance compared to that of the main polymer by at least 1000 times;
— the material works in pairs with steel;

— the coefficient of friction being equal to or slightly higher than the original polymer.

3. Results and Discussion

From more than three dozen standardized PTFE-based composites, we have selected the following
materials, presented in Table 1.

Table 1. Comparative tribotechnical characteristics of industrial fluoroplastic composite
materials.

Trademarks of fluoroplastic composites

Indicators F-4 F4AK15M5 F4K15UV5 Flubon-20 Fluvis-20 Fluvis-20
PHO
GOST TC 6-05-1412 TC 6-05-041- TC301-05- RB 03535279.071
10007- 781 16
72
Fillers, % - Coke — 15, Coke — 15, Carbon Modified carbon fibers
MoS,— 5 carbon fiber—5  fibers UTM-8  “Viscum” in plasma — 20
-20
Coefficient of 0.04 0.1-0.39 0.08-0.35 0.05 0.05 0.05
friction on steel
Reverse friction Steel Steel Steel Steel Steel Steel
pair
Relative wear 1 1000 1000 2000 2000 3500
resistance
Working Moisture, In various Liquid, Aggressive media,
conditions condensation, environments gaseous without lubrication
no lubrication without media,
lubrication without
lubrication

Table 1 shows that among the studied fillers, carbon and carbon fibers are promising ones, since
they significantly increase the wear resistance of fluoroplastic composites. In addition to the presented
materials based on fluoroplast-4, a new material has been developed, its structure changed due to joint
temperature and radiation modifications. L.Ya. Karpov Research Institute of Physics and Chemistry
manufactures F-4RK grade material [26, 27] produced according to TC 2213-103-00208982-2007, obtained
by radiation modification of finished fluoroplastic products. This modification of PTFE made it possible to
significantly increase the operational and wear-resistant characteristics of the polymer, which are shown in
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Table 2. Modification of finished products is carried out by irradiation with gamma rays above the melting
point of the crystalline phase of the polymer. After such processing, the operational properties of
fluoroplastic blanks increase sharply. The F-4RK material obtained in this way has higher elastic modulus
and yield strength compared to the initial material. Creep decreases up to 100 times, wear resistance
increases 103-104 times, with a low friction coefficient [28].

Table 2. Comparative properties of materials F-4 and F-4PM.

Indicators F-4 F-4PM

Density, kg/m3 2180 2200

Tensile strength, MPa 25 14.2
Relative elongation at break, % 350 125
Tensile modulus, MPa 350 630
Compressive stress at deformation 10%, MPa 15 25
Deformation in compression under a load of 14 16 6.8

MPa in 24 hours, %
Residual deformation 24 hours after unloading, 9.8 0.6
14 MPa
Coefficient of friction on steel 0.08 0.08
Wear intensity during friction on steel 3.0 0.003

30KhGSA under a load of 2.4 MPa and a
speed of 0.3 m/s, mm/km

Brinell hardness, MPa 35 45
Maximum operating temperature, 0C 260 260

The search conducted showed that there are proposals from other companies offering antifriction
fluoroplastic materials, without presenting their technical characteristics and disclosing methods of
obtaining. Flontekh LLC 2 and RPE Arflon LLC 3 advertise wear-resistant polymer materials of the ARFLON
brand (AR100 and AR200) obtained by high-temperature physicochemical modification of the original
PTFE. Such materials can be used in the construction of railway bridges, road junctions and overpasses
as a sliding layer for reciprocating and angular movements of span support units. Innovative fluoroplastic
technologies LLC “ produces a radiation-modified fluoroplastic — 4 called RAFLON, which is widely used in
railway rolling stock. In our opinion, all the presented companies produce the same F-4RM material, but
under different names, since any change in the irradiation dose entails changes in the properties of the
material. Thus, when advertising a material called ARFLON, the company does not even report its radiation
exposure, while the enterprise [27] RAFLON has a trademark that can be placed on all manufactured
products. According to the authors of [29], the F-4RM material is widely used in various products and is
manufactured at more than 50 enterprises. The Internet advertised the products of the company LLC
“Konstanta-2”:

— “Constaftor 300” — PTFE filled with the particles of chemically modified carbon fibers, which reduces
creep under load, sharply increases wear resistance and strength at elevated temperatures;

— “Constaftor 400” — a highly filled composition based on F-4, characterized by an increased yield
strength, heat resistance and very low creep, especially at elevated temperatures;

— “Constaftor 500” — a bronze-filled PTFE-based composition with low creep and high compressive
strength, as well as good wear resistance.

Unfortunately, the company does not provide comparative technical characteristics of its materials in
relation to industrial materials. In our opinion, the fillers used by this company, approved by many
researchers, cannot lead to a significant increase in the performance characteristics of fluoroplastic
composites compared to known materials.

The second bottleneck in sliding bearings are elements — guides, which must provide low friction and
anti-seize properties during the movement of plates during the entire guaranteed service life. Such
properties are typical for sheet MFLs. Traditional MFLs have been developed for plain bearings in various

2 Technical characteristic of antifriction fluoroplastic materials of FLONTEKH LLC [Onljne]. URL: https://flonteh.ru/material/ (application date:
23.07.2024).

3 Technical characteristic of antifriction fluoroplastic materials of NPP Arflon. [Onljne]. URL: http://www.arflon.ru/Products/properties.html
(reference date: 23.07.2024).

4 Technical characteristic of antifriction fluoroplastic materials of Innovacionnye ftoroplastovye tekhnologii LLC [Onljne]. URL:
https://studylib.ru/doc/5000618 (reference date: 23.07.2023).
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industries where the use of a lubricant is not desirable or acceptable. MFLs are produced in the form of
metal strips, on which a porous layer of spherical particles of tin bronze is applied through a thin layer of
copper. The protruding peaks of the outer bronze particles are covered with a polymer coating made from
a mixture of fluoroplastic with various fillers, which acts as a lubricant. MFL production is automated and
high-tech: plain bearings of various diameters, made from these tapes, in the form of rolled bushings, have
a minimum running-in layer. In Russia, such bearings are produced at the machine-building enterprises of
the country: Ftoroplast LLC, Bugulma, Promsnabkomplekt LLC, Promgleks-M CJSC, Kineshma. Foreign-
made MFLs of the brands DU and DP (The USA) and MU (ltaly) are also known. A comparative analysis
of bushings made of MFL from various manufacturers, including Russian ones, showed that plain bearings
made from grades DU and DP have the highest wear resistance [30]. The Russian MFL [31] loses to foreign
products in terms of wear-resistant properties in dry friction due to the fact that the limiting wear of the
fluoroplastic coating is concentrated in the surface layer with a thickness of 0.025—-0.05 mm, which directly
affects the durability of products as a whole. The wear limit is caused by the insufficient thickness of the
fluoroplastic layer located in the pores of the bronze particles.

It can be stated that materials scientists failed to sufficiently firmly bond PTFE with a porous metal
layer [32] (because of complete “unwillingness” of the polymer to stick to anything, the presence of a “shape
memory effect” of the material during heat treatment, and a high coefficient of thermal expansion). In this
regard, in most cases, these bearings provide the necessary resource of friction units when using lubricants.
Bushings made of strip bimetallic materials are used in a wide variety of friction units (in pumps for pumping
oil, various rotary mechanisms, hydraulic boosters, etc.). Based on these data, it can be stated that guides
in the form of MFL platinum cannot ensure the guaranteed operation of this sliding unit without the presence
of a lubricant. After the loss of the fluoroplastic coating, friction processes without lubricant are carried out
along the tops of antifriction bronze particles with a possible loss of antifriction properties.

Thus, for the successful operation of the guides in the absence of lubrication, new anti-friction sheet
materials are needed. There are known methods [33, 34] for producing MFLs in the form of plates where
instead of the traditional porous bronze layer of spherical particles, various mesh woven materials are used,
which are specially fixed on a metal surface. The polymer layer is fixed in the mesh pores after PTFE
particles are pressed into the mesh space and sheet products are sintered in tightly compressed cassettes
[32]. The resulting materials represent a metal composite with a heterogeneous structure. The working
surface is a regularly alternating sections of a solid base (bronze mesh) and a polymer. The use of
antifriction layers in the form of grids on the metal surface made it possible to increase the proportion of the
polymer in the working layer. In the pores of bronze-brass meshes, the thickness of the fluoroplastic layer
can be more than 1 mm. Such a thickness of the polymer layer makes it possible to significantly increase
the durability and reliability of friction units without the use of a lubricant [35, 36]. Unfortunately, these metal-
fluoroplastic mesh materials have not found proper application in plain bearings in the form of bushings.
The main disadvantage is that at the initial moment of rotation, the contact between the sleeve and the
shaft is carried out along the grid vertices, that is, along the minimum contour area, which leads to wear
and, in most cases, when stable operation of the friction unit is achieved, the bearing clearances go beyond
the limit value of the linear wear value.

In our opinion, this material is promising for sliding units for guide plates, since changing the
dimensions of the interface by a few hundredths of a mm will not affect the operation of the unit as a whole.
In addition to traditional MFLs and bearings, fundamentally new imported metal-polymer bearings of the
Fritex type made by Technymon appeared °. These bearings are rolled bushings from a three-layer system
consisting of a bronze substrate with a thickness of 0.50 to 2.70 mm and a fluoroplastic fabric adhesively
connected to it. The fabric, woven with special fibers, has a thickness of 0.40 mm. This thickness of the
fluoroplastic coating in the form of a woven material may indicate the long-term operational reliability of the
bearing. In terms of technical characteristics, when operating without lubrication at maximum allowable load
and operating temperatures, Fritex bearings are not significantly inferior to MFL (Russia). The operating
temperature range of such bearings is in the range from —100 to + 260 °C. A similar material, consisting of
a metal substrate, an adhesive sublayer, and a fluoroplastic layer reinforced with fiberglass, is also
advertised by Konstanta-2 LLC [30]. Technical characteristics of the material, unfortunately, are not
provided by the producer. In our opinion, it is possible to adhesively connect a fluoroplastic fabric with a
metal surface only if fabrics are created in the form of three-dimensional woven structures. Such fabrics
consist of bulk layers intertwined with various threads in a special way into a single structure [37], where
fluoroplastic fibers are on the surface, and the carrier threads, made of another synthetic material, have
strength properties and increased adhesion to adhesives.

> Technical characteristics of FRITEX-B [Onljne]. URL: https://technymon.com/product/self-lubricated-bearings/fritex-b/ (reference date:
23.07.2024).
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4. Conclusion

1. The paper presents wear-resistant polymeric materials with hundreds and thousands of times
increased operational characteristics when working in friction units in the absence of lubrication
compared to the original polymer. This fact suggests that the replacement of sliding elements made
of PTFE-4 with the materials described above in the sliding bearings will optimize the operation of
the critical sliding elements of transport and logistics systems, significantly increasing their bearing
capacity and service life.

2. The most promising material to replace PTFE is radiation-modified PTFE grade F-4RK (TU 2213-
103-00208982-2007), then industrial fluoroplastic composite materials grades Fluvis-20PHO,
Flubon-20, Fluvis-20, F4K15M5 and F4K15UV5.

3. Among PTFE materials, the longest non-lubricated mating work can be done with DU or DP
materials. Promising materials can be metal-fluoroplastic sheets where various mesh materials with
an increased proportion of polymer in the working layer are used as an anti-friction layer.

4. Further clarifications, calculations and more detailed research and experimental studies are needed
to search for and select antifriction materials that are optimal in terms of wear resistance and
reliability when operating without lubrication, providing the required service life of sliding elements
in bridge sliding bearings.
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